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Approaches for Protection Standards
for Ionizing Radiation and
Combustion Pollutants
by Gordon C. Butler*

The question "can the approach used for radiation protection standards, i.e., to extrapolate
dose-response relationships to low doses, be appLied to combustion pollutants?" provided a basis for
discussion. The linear, nonthreshold model postulated by ICRP and UNSCEAR for late effects of ionizing
radiation is described and discussed. The utility and problems of applying this model to the effects of air
pollutants constitute the focus of this paper. The conclusion is that, in the absence of evidence to the
contrary, one should assume the same type of dose-effect relation for chemical air pollutants as for
ionizing radiation.

We will deal in this paper with the first question
posed in the report from the international sym-
posium on air pollution and health effects (1), "Can
the approach used for radiation protection stan-
dards, i.e., to extrapolate dose-response relation-
ships to low doses (for which no epidemiological
evidence exists), be applied to combustion pollut-
ants? If so, for which pollutants and effects would
such an approach appear justified?"

It will be assumed that the approach used for
radiation protection standards is that used by the
International Commission on Radiological Protec-
tion (ICRP). The ICRP defines the purpose of
radiation protection as being to safeguard from in-
jury individuals, their progeny and mankind as a
whole and at the same time to make possible ac-
tivities that involve exposure of people to radiation.
Many international organizations accept the re-
sponsibility of protecting people from chemical pol-
lutants but it is difficult to find one that, along with
this, accepts the responsibility of facilitating tech-
nological activities.
The chief pollutants released by combustion of

fossil fuels are: oxides of carbon; oxides of ni-
trogen; oxides of sulfur; polyaromatic hydrocarbons
and trace elements such as arsenic, chromium,
lead, nickel, and zinc.
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Radiation protection is for reducing both somatic
effects (delayed cancer) and hereditary effects (mu-
tations in progeny). Of the pollutants listed above,
oxides of nitrogen, polyaromatic hydrocarbons, ar-
senic, chromium, and nickel, are possibly car-
cinogenic, but little is known about the mutagenic
action of any of the pollutants on higher plants and
animals (2).
The ICRP classifies effects in another way as:

"stochastic" effects, for which the probability of
the occurrence rather than the severity varies with
dose and for which there is no dose without an ef-
fect (threshold); and "nonstochastic" effects, for
which the severity of the effect is proportional to
dose and for which there may be no effect in the
lowest range of doses (threshold).
For nonradioactive pollutants arising from the

combustion of fossil fuels the only stochastic effect
to be considered here will be cancer (usually of the
respiratory tract) and the dose-response relations
for cancer incidence will be considered for radiation
and for other pollutants.

In its evolution, the ICRP promulgated rec-
ommendations for maximum permissible doses of
radiation received in, first, a day, then in a week,
and finally in a year. This meant that the Commis-
sion considered all doses additive regardless of
when and at what rate they were received. It was
realized that this procedure was valid only if the
plot of response against dose yielded a straight line
passing through the origin, often referred to as the
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"linear, nonthreshold model." These assumptions
about the dose-effect relation were adopted for
practical reasons and because usually the conser-
vatism of the concept provided extra protection (3).
When the United Nations Scientific Committee on
the Effects of Atomic Radiation (UNSCEAR)
began estimating the risks of stochastic effects of
radiation exposure in human beings, it decided to
express the results as cases of harm per million per-
sons per year (or per lifetime) per unit radiation
dose (4). This was arrived at by observing the inci-
dence rate in populations exposed to a few tens or
hundreds of rads of radiation and dividing the ex-
cess rate of incidence by the dose. Such a proce-
dure is valid only under the same assumptions
about the dose-effect relation that ICRP has made
and these were adopted by UNSCEAR only after
debate lasting many sessions. The linear non-
threshold model merits some comment.

Threshold
A threshold can be accepted a priori only if de-

tailed knowledge of the mechanism of car-
cinogenesis justifies it. Most mathematical relations
between cancer incidence I and dose D indicate
that for D > 0, I > 0. Experimental results with
animals show thresholds in some cases, not in
others.

"Practical thresholds" may arise because of the
long latent period with low doses or from the uncer-
tainty of detecting a rise in a fluctuating background
rate. (The latter can also be a reason for not detect-
ing a threshold.)
The lack of a threshold observed in some animal

experiments may result from the radiation not in-
itiating cancer but accelerating a naturally occurring
process.

Linearity
Many shapes of dose-incidence curves have re-

sulted from the data obtained in both animal re-
search and from epidemiological studies. In some
cases, the confidence limits of the data are such that
a constant proportionality cannot be ruled out. In
dose-incidence plots the commonest deviation from
a straight line is a curve with increasing slope up to
a maximum after which the incidence declines with
dose due to cell sterilization or killing. If this is a
"true" picture of the relation, a linear relation will
overestimate the rate of incidence at low doses by a
factor that has been estimated by UNSCEAR as
2-4 (5).
The stochastic effects of air pollution resulting

from burning fossil fuels are confined mainly to car-
cinogenesis (2). Because of the route of entry, the
cancers produced are mainly in the respiratory
tract. The same document shows that, for the past
35 years there has been a rising "background" rate
due to cigarette smoking, general air pollution, and
other or unknown causes. There is a multiplicity of
causes of lung cancer; there are also observed
synergisms between several of them such as
cigarette smoking, radiation, silicon and asbestos.
The exposed population is extremely heterogene-
ous with respect to age, dietary habits, health and
exposure pattern. All these factors render the pos-
sibility to observe, or even to predict, a no-effect
dose extremely low.

Studies of the correlation between rates of
cigarette smoking and incidence of lung cancer have
yielded linear plots of effects against doses (2). The
National Academy of Sciences of the U. S. has con-
cluded from epidemiological studies that each in-
crement in air pollution represented by 1 ,g/l0O m3
of benzo[a]pyrene results in a 5% increase in lung
cancer of the population at risk (6). Examples such
as this persuade me that, in the event of any doubt,
one should follow the examples of ICRP and UN-
SCEAR and assume the same type of dose-effect
relation for chemical air pollutants as for radiation,
i.e., constant proportionality for all doses and no
zero-effect dose.

Nonstochastic Effects
It was reported above that these have been de-

fined by ICRP as effects for which the severity va-
ries with the dose, e.g., cataract of the lens of the
eye; skin erythema, blistering, and ulceration; and
hematological deficiencies due to cell depletion of
the bone marrow and impairment of fertility due to
gonadal cell injury. All these are "early" effects
and they have a "threshold" dose.
The ICRP definition of stochastic effects is dif-

ficult to apply to some late effects of radiation. For
example, life shortening in experimental animals in-
creases with the size of the dose and has no observ-
able threshold. In dogs the injection of radionu-
clides such as 226Ra and 239Pu causes bone cancers,
and the time to appearance decreases as the dose
increases with an apparent threshold due to the
limitation imposed by the life-span.
There are also difficulties in applying the ICRP

definition of nonstochastic effects to some early ef-
fects of chemical pollutants. For example, the ef-
fects of air pollution on structures and of S02 or
ozone on plants are proportional to the total expo-
sure (concentration x time) with no threshold (7).
Another example is provided by the eye irritation
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observed in humans caused by aldehyde vapor in
the air; a plot of percentage incidence against con-
centration gives a straight line with a very low
threshold.

Perhaps the most important nonstochastic effect
of air pollution on populations is the induction of
respiratory damage or failure. Here, the evidence
from studies of the effects of single substances on
workers in the workplace or on animals in the
laboratory is of little use.
For acute episodes, there is evidence that the

number of deaths increases with the air concentra-
tion. Because of the number and interactions of the
causative agents and the great variation in sensitiv-
ity of the exposed individuals there would be no
justification to assume a threshold. Until there is
reliable evidence to the contrary the assumptions of
constant proportionality and no zero-effect dose
would seem to be the most prudent basis for protec-
tive measures.

Conclusions about the long-term effects of persis-
tent exposure to low levels of air pollutants are dif-
ficult. In the first place, most epidemiological
studies use, as the measure of dose, the concentra-
tion in air of some single pollutant averaged over
some period of time. It is possible that the dose
should be measured in terms of concentration times
time for any single pollutant but how the additivity
of several can be expressed quantitatively is not
clear. There is also the problem of what is the most
relevant effect and how it can be expressed
quantitatively.
One effect of chronic air pollution seems well es-

tablished by epidemiological studies: it leads to an
increase in the incidence of lung cancer caused by
cigarette smoking (2).

Finally, some other practices from radiation biol-
ogy or the nuclear industry should be considered for
possible application to nonradioactive pollution:

* Expression of the dose as total energy ab-
sorbed in the target organ. For a chemical this
would be the time integral of concentration in
the organ.

* Multiplying the dose of each different kind of
radiation by a coefficient of efficiency (RBE)
so that they can be added. A "Radequiva-
lent" has been proposed (but not widely ac-

cepted) as a normalizing unit for protection
against environmental chemical mutagens.

* UNSCEAR, prodded by Lindell (8), adopted
the concept of dose commitment, a measure of
the harm to all receptors over future time re-
sulting from a unit of practice such as the ex-
ploding of a nuclear bomb or the generation of
1 MW of electricity. This concept might be
considered for processes releasing chemical
pollutants.

* In the nuclear industry it has become the prac-
tice to estimate the harm resulting from all
steps leading up to the generation of nuclear
power, viz., exploration, mining, milling,
reactor operation, fuel processing, transporta-
tion, waste disposal. A similar approach
should be adopted for all steps in the genera-
tion of power from fossil fuel.

REFERENCES

1. Air pollution and cancer. Risk assessment methodology and
epidemiological evidence. Report from an International
Symposium at the Karolinska Institute. Environ. Health.
Perspect. 22:1 (1978).

2. Friberg, L., and Cederlof, R. Late effects of air pollution with
special reference to lung cancer. Environ. Health Perspect.
22:45 (1978) (see especially Table 1, Fig. 2, and Table 6).

3. ICRP. Recommendations of the International Commission
on Radiological Protection (Adopted September 17, 1965).
ICRP Publication 9, Pergamon Press, Oxford, 1966, para. 28.

4. UNSCEAR. Ionizing radiation: levels and effects. In: Re-
port of the United States Nations Scientific Committee on the
Effects of Atomic Radiation. General Assembly, Official
Records: 27th Session, Supplement No. 25 (A/8725), Volume
II. Effects. Annex H, para. 4, New York, 1972, p. 403.

5. UNSCEAR, Sources and effects of ionizing radiation. Report
of the United Nations Scientific Committee on the Effects of
Atomic Radiation General Assembly. United Nations, Offi-
cial Records, 32nd Session, Supplement No. 40 (A/32/40),
New York, 1977, p. 366.

6. National Academy of Sciences (U. S.). Particulate Polycy-
clic Organic Matter. Committee on Biologic Effects of Atmo-
spheric Pollutants, Division of Medical Sciences, National
Research Council, National Academy of Sciences, Washing-
ton, D. C., 1972, p. 246.

7. Sulphur and its inorganic derivatives in the Canadian
environment. National Research Council of Canada As-
sociate Committee on Scientific Criteria for Environmental
Quality. NRCC No. 15015, Ottawa, 1977, p. 111.

8. Lindell, B. An approach to the question of computing doses
and effects from fall-out. Health Phys. 2: 341 (1960).

February 1978 15


